Despite providing an overlapping level of care, it is unknown why hospitalized older adults are transferred to long-term acute care hospitals (LTACs) vs less costly skilled nursing facilities (SNFs) for postacute care.
T he use of postacute care by hospitalized older adults has increased by 50% over the past 2 decades, [1] [2] [3] and accounts for the single largest increase in Medicare spending. 4 Postacute care is the largest driver of variation, accounting for 73% of the geographic variation in Medicare spending. 5 Long-term acute care hospitals (LTACs) are the fastest growing segment of postacute care. 6 Long-term acute care hospitals now account for more than 140 000 hospitalizations and $5.5 billion in Medicare spending annually, which is approximately one-fifth of the spending on skilled nursing facilities (SNFs). 6 Despite the rapid growth, the role of LTACs in postacute care is unclear. Long-term acute care hospitals are defined by an average length of stay of at least 25 days and not by specific patient criteria. As such, LTACs care for individuals with a wide spectrum of complex and prolonged illness. 7, 8 Before the growth in LTACs, many hospitalized older adults who were too sick to go home were instead discharged to SNFs for postacute care. 8, 9 More than 90% of SNFs care for older adults who meet the "clinically complex" or "special care" resource utilization group designation, which includes complex wounds, kidney failure, and severe infections, that are also considered indications for LTAC admission. 10, 11 Given the higher intensity of care provided in LTACs, such as lower nurse-to-patient ratios, LTACs are reimbursed at 3-to 12-fold higher rates than SNFs for equivalent diagnoses. Thus, understanding why patients are transferred to LTACs rather than SNFs has important policy implications for accountable care organizations (ACOs) and payers. 12 In this study, we sought to examine the patient-, hospital-, and region-level factors associated with transferring hospitalized older adults to an LTAC vs an SNF, and quantify how much of the variation in LTAC use is explained by each level. We hypothesize that a large degree of the variation in LTAC use will be explained by the hospital and region, independent of clinical severity.
Methods

Study Design and Cohort
We conducted an observational cohort study using national 5% Medicare data from 2010 to 2012. We included fee-forservice beneficiaries discharged from an acute care hospital and subsequently transferred to an LTAC or SNF on the same or next day using an adjacent claims algorithm during fiscal year 2012. 13, 14 Long-term acute care hospitals and SNFs were identified using the Centers of Medicare and Medicaid Services (CMS) provider numbers, which are based on Medicare certification. Long-term acute care hospitals were confirmed with manual review of facility names and Internet searches if the facility type was uncertain. Hospital characteristics were obtained from CMS Provider of Services and Impact Files. Regions were defined as the hospital referral region (HRR). 15 
Statistical Analysis Predictors of LTAC vs SNF Transfer
To ascertain independent predictors of LTAC transfer, we developed a multilevel mixed-effects logistic regression model to account for clustering of patients in hospitals and hospitals in HRRs. Model diagnostics suggested excellent fit (C statistic, 0.95; < 0.7% absolute difference between observed and predicted LTAC transfer rates for the lowest 9 deciles of predicted risk). See eMethods 1 and eTables 1, 2, and 3 in the Supplement for details on predictors and analyses.
Variation of LTAC vs SNF Transfer
To quantify the variation explained at the patient, hospital, and region level, we estimated variance partition coefficients (VPCs) using sequential multilevel models. 16 We first developed a casemix only model that included patient-level predictors from our final model to estimate how much of the variation was owing to regions, independent of patient differences. We then sequentially included hospital-and region-level predictors into the model to 
Key Points
Question What are the predictors and sources of variation of long-term acute care hospital (LTAC) vs skilled nursing facility (SNF) transfer among hospitalized older adults?
Findings In this cohort study of 65 525 hospitalized older adults receiving a tracheostomy and being hospitalized in close proximity to an LTAC were the 2 strongest predictors of LTAC transfer. After adjusting for case-mix, differences between patients, hospitals, and regions explained 52%, 15%, and 33% of the variation in LTAC transfer, respectively.
Meaning Half of the variation in LTAC vs SNF transfer is independent of patients' illness severity or clinical complexity, and is explained by where the patient was hospitalized and in what region; given the higher expense associated with LTACs vs SNFs, greater attention is needed to define the optimal role of LTACs in the postacute care of older adults. estimate VPCs. From the final model, we created a variation profile graph showing adjusted hospital LTAC transfer rates and a scatterplot illustrating hospital variation within HRRs. We restricted these analyses to hospitals with 10 or more patients to enable more stable estimates. Finally, we estimated the intraclass correlation coefficient (ICC) to examine variation among hospitals' transfer rates within the same HRR. 16 
Sensitivity Analyses
We repeated our analyses among 2 subgroups that have more equipoise in the transfer decision: (1) patients hospitalized in HRRs with 1 or more LTAC; and (2) patients who did not receive prolonged mechanical ventilation or a tracheostomy (eMethods 2 in the Supplement). The UT Southwestern institutional review board approved this study. We conducted analyses using Stata statistical software (version 14.2, Stata Corp), SAS (version 9.4, SAS Institute Inc), and ArcGIS (version 10.3, Esri Inc).
Results
We included 65 525 unique patients hospitalized in 3053 different hospitals across 304 HRRs ( Table 1) . A total of 3093 patients (4.7%) were transferred to an LTAC. There were many notable differences between the LTAC and SNF groups ( Table 2) , including receipt of tracheostomy (17% vs 0.2%) and distance to the nearest LTAC (41% hospitalized within 0-2 miles vs 19%).
Predictors of LTAC vs SNF Transfer
The 2 strongest independent predictors of LTAC transfer were receiving a tracheostomy (adjusted odds ratio [aOR], 23.8; 95% CI, 15.8-35.9) and being hospitalized near an LTAC (0-2 miles vs >42 miles; aOR, 8.40; 95% CI, 6.12-11.50) ( Table 2 ).
Regional Variation
After adjusting for case-mix, one-third of the variation (32.9%) was explained by differences between regions (Table 3) , with a 16-fold difference in LTAC transfer rates between HRRs with the lowest 10th and highest 90th percentile transfer rate ( Figure 1) . Two-thirds of regional variation identified in the case-mix model was explained by region-level predictors included in our full model (proportion of variation explained: [32.9%-10.8%]/32.9% = 67.1%).
Hospital Variation
In our fully adjusted model, 15.6% of the variation in LTAC use was explained by differences between hospitals. The average adjusted transfer rate for hospitals varied considerably ( Figure 2A ). The median adjusted hospital LTAC transfer rate was 2.1% (10th-90th percentile, 0.24%-10.8%) with minimum and maximum values of 0.03% and 74.7%, respectively. Even within HRRs, adjusted hospital LTAC transfer rates varied substantially (ICC, 0.26; 95% CI, 0.23-0.30) ( Figure 2B ). In low-use HRRs there were hospitals with high adjusted transfer rates and in high-use HRRs there were hospitals with very low transfer rates.
Sensitivity Analyses
Findings were similar among patients not receiving prolonged mechanical ventilation (eTables 3-4 in the Supplement). Among patients hospitalized in HRRs with 1 or more LTAC, the effect size of distance to the nearest LTAC was attenuated, and differences between regions explained less of the variation in LTAC use (24.2% vs 32.9% for the full cohort). Otherwise, findings were comparable with those of our overall analysis. 
Discussion
In this national study of postacute care use by hospitalized older adults, nearly half of the variation in LTAC use was independent of patients' severity of illness or clinical complexity, and was instead related to the hospital and in what region they were located, with much greater use in the South than in the Pacific Northwest, North, and Northeast. Even among hospitals within the same region with similar potential LTAC access, there was substantial variation in LTAC use. Given that postacute care accounts for most of the geographic variation in Medicare spending and LTACs are the most expensive provider, our findings highlight opportunities to optimize the use of LTACs for patients who could not be effectively treated in less intensive settings, such as SNFs. Our findings were similar to those found by Kahn and colleagues, 18 who studied variation in LTAC use specifically after an intensive care unit (ICU) stay. Among this subset of patients, they identified significant hospital variation in LTAC use.
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Government-funded studies have also identified measures of patient severity (ie, tracheostomy) and LTAC bed supply as independent predictors of LTAC use. 9, 19, 20 Finally, our findings of significant regional variation in LTAC use paralleled findings from prior studies on the geographic distribution of LTACs, where some regions have many and others few or none. 9,18,21 However, we found that a considerable proportion of variation in LTAC use is owing to unexplained differences between regions, even after accounting for LTAC availability and other region-level factors. Our study expands on prior research in several ways. First, we included all patients transferred to LTACs, and not just a subset of individuals surviving a critical illness in the ICU. Second, we simultaneously evaluated the independent contribution of patient-, hospital-, and regional-level predictors by conducting a 3-level hierarchical model, which previous studies did not do. This approach is essential given the large VPCs for hospitals and regions, and allowed us to parse out the variation after adjusting for key differences, which is important to help guide further research and policy. Third, we focused on the clinically relevant question of why hospitalized older adults are transferred to an LTAC vs an SNF, the principal postacute alternative. Previous studies examined predictors of LTAC transfer vs all other options combined, including discharge home, transfer to an alternate postacute care setting, or remaining hospitalized for the entire episode of care. There are many choices to optimize recovery, and the decision to transfer hospitalized older adults to LTACs vs each of these alternatives is likely to be unique.
Our study has several implications. For patients and clinicians, there may be more than 1 option to receive postacute care. Long-term acute care hospitals may improve outcomes by providing daily physician care, more favorable nurse-topatient ratios, and more intensive interdisciplinary care, such as complex wound care, that are frequently unavailable in SNFs. 22 Alternately, LTACs may lead to worse health outcomes. For example, patients treated in LTACs have higher rates of hospital-acquired infections than SNFs, including multidrug resistant pathogens. [23] [24] [25] [26] Further research is needed to assess the comparative effectiveness of LTACs vs SNFs in optimizing outcomes and functional recovery. For insurance networks and ACOs, the substantial hospital variation in LTAC use represents an opportunity for cost savings by transferring similarly ill patients to less expensive SNFs for postacute care. Even in high-use regions, there are a considerable number of low LTAC transfer hospitals despite having similar access to LTACs. However, although SNFs may be less expensive than LTACs, the entire episode of care may be more costly if patients are rehospitalized after SNF transfer owing to an inability to care for these medically complex patients. The demand for LTACs is in part because of a perceived lack of adequately staffed, high-quality SNFs capable of providing complex nursing and medical therapy. 8 By partnering with high-quality SNFs, payers and ACOs may be able to obviate the need for LTACs to fill this void among patients who do not require daily physician care. The mean adjusted long-term acute care hospital (LTAC) transfer probability (vs skilled nursing facility) by hospital referral region among hospitalized older adults was estimated from the case-mix only multilevel model adjusted for all patient-level predictors shown in Table 2 . Hospital referral regions (n = 304) are defined as regional health care markets for tertiary medical care. For Medicare and other payers, our findings suggest that geography is destiny. The extremely large regional variation represents an opportunity to increase LTAC access in very lowuse regions where patients with severe and complex illness may benefit from this higher level of postacute care, 27,28 and in highuse regions to realign the incentives for using lower-cost SNFs. This includes both decreasing LTAC use by less-sick patients, and by ensuring adequate staffing and resources in SNFs to provide the necessary level of care for more medically complex patients. By October 2018, LTACs will receive a lower siteneutral payment for all patients who were not hospitalized in the ICU for at least 3 days or did not need prolonged mechanical ventilation prior to transfer. 29 However, it is unclear whether this policy will result in indiscriminate vs clinically appropriate reductions in LTAC use, as patients who do not meet these criteria may be sicker and more complex in other ways.
Limitations
Our study has limitations. First, we studied older feefor-service Medicare beneficiaries. Although we cannot comment on privately insured, Medicare Advantage, or younger populations, fee-for-service beneficiaries account for two- thirds of national LTAC use.
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Predictors: Patient-level characteristics were obtained from a Medicare Limited Dataset, including Denominator, Inpatient, SNF, Outpatient, Carrier, and Durable Medical Equipment (DME) files. All baseline patient factors prior to hospitalization were ascertained using a 365 day lookback prior to the index acute care hospital admission date. We used DME claims to identify incident use of a wheelchair, home hospital bed, and home oxygen as proxies of advanced frailty and debility. 1, 2 We used the diagnosis related groups (DRGs) and major diagnostic categories (MDC) to characterize the primary reason for hospitalization. DRG weights are assigned multipliers to reflect the average resources used to treat patients in that DRG. Mechanical ventilation was defined using ICD-9-CM diagnosis and procedure codes. Intensive care unit (ICU) length of stay was determined from resource utilization codes. Hospital characteristics were obtained from CMS Provider of Services (POS) and Impact Files. Regions were defined at the hospital-referral region (HRR). 3 Regional population and healthcare intensity were ascertained from the Dartmouth Atlas. Linear arc distance from the hospital to the nearest LTAC was calculated using addresses in the POS file. State Certificate of Need laws restricting the opening or expansion of hospitals were obtained from the National Conference of State Legislatures. 4 A complete list of predictors and definitions can be found in eTable 1 below.
Statistical Analysis:
To ascertain independent predictors of LTAC transfer, we developed a multilevel mixed-effects logistic regression model. Candidate predictors were chosen based on prior literature and expertise of the authors. [5] [6] [7] [8] Fixed effects included significant patient, hospital, and region-level predictors in univariate analyses with a p-value <0.05. We retained all predictors in our final model with a p-value <0.05 using stepwise backwards selection. Random effects were specified at the hospital and HRR level to account for clustering of patients within hospitals and hospitals within HRRs. For the multilevel model we used the meqrlogit command in STATA. Using a hospital-level multiple imputation model, we imputed disproportionate share hospital (DSH) index for 31 hospitals (1%) with a missing value, which corresponded to 187 patients (0.3%). Due to the small number of patients with imputed values, the DSH index was unchanged whether including or omitting the patients with imputed values. Collinearity of predictors was tested using Pearson and Spearman rank correlation coefficients and chi-square tests. Functional forms of continuous variables were evaluated graphically with restricted cubic splines. Patient-and hospital-level continuous predictors were group-mean centered. Model diagnostics suggested excellent fit (see eTable 2 for details). 11.5% (7.9%-15.0%) Abbreviations: LTAC, long-term acute care hospital; SNF, skilled nursing facility; VPC, variance partition coefficient; CI, confidence interval a Variance partition coefficients (VPC) describe the proportion of variation explained by differences between patients, hospitals, and hospital referral regions. We conducted sequential multilevel mixed-effects logistic regression models to estimate the impact of adjusting for each successive level of predictors shown in Table 2 . The case-mix only model adjusted for all patient-level predictors. The case-mix + hospital model further adjusted for the 3 significant hospital-level predictors. The full model adjusted for patient, hospital, and regionlevel predictors.
